Mental health is an integral component of overall health and well-being (1) . Despite this, there is growing international concern about the rising prevalence of mental ill health. Conservative estimates suggest that within Europe alone, 38·2% of the total population suffer from mental health disorders annually (2) . Currently ranked as the third leading cause of burden of disease worldwide, and set to become the principal cause by 2030, it is evident that poor mental health is having a profound impact in terms of societal burden (3) . Mental ill health has the potential not only to impact upon the day-to-day functioning and well-being of the suffering individual (4) , but is also closely linked with an elevated risk of, and even mortality from, certain physiological illnesses including CVD, stroke and some cancers (1, 5) . Furthermore, the economic cost associated with poor mental health is vast, contributing to approximately 798 billion € in Europe alone (6) . Thus, based on the prevalence and negative impact of mental ill health, there is a compelling need for inexpensive and effective strategies to improve the psychological well-being of the population, and to reduce the risk and burden of mental health problems.
The factors involved in psychological health are multifaceted, comprising not only genetics, but also several biological and environmental factors. Hence, researchers
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have begun to examine the potential influence of lifestyle factors on psychological well-being. For example, a host of studies exist to support the beneficial role of physical activity on aspects of psychological well-being including general mental health, quality of life and depression (7, 8) . Conversely, although dietary intake, an equally important lifestyle factor, has been studied extensively in relation to physical health, it is only in more recent years that evidence has begun to emerge on its potential role in psychological health. Interest in the area was partly initiated by early studies, which linked certain nutritional deficiencies with psychological conditions (9) . For instance, sub-optimal levels of B vitamins have been associated with mental health complaints including depressed mood (10) . Naturally, such discoveries provoked several investigations into how individual nutrients could influence psychological well-being. However, in order to better reflect typical dietary intake, whereby nutrients are rarely consumed in isolation, the focus of many recent studies has moved towards examining whole foods and dietary patterns in relation to improving psychological well-being (11) . One food group which has received increasing attention in this regard is fruit and vegetables (FV). It is widely accepted that FV are an important component of a healthy lifestyle, with the WHO and FAO advocating a minimum daily intake of 400 g or five portions (12) . This is primarily due to the abundance of literature, which shows that FV may play a central role in the prevention of some physiological diseases including CVD, certain cancers and diabetes (13, 14) . Perhaps unsurprisingly, the strong evidence base for the physiological health benefits of FV have led academics to question these foods capability to impact upon aspects of positive (e.g. happiness and vitality) and negative (e.g. depression and anxiety) psychological health. Another likely reason for the interest is that FV are a rich source of many nutrients, each with an array of biological mechanisms, which could justifiably impact on psychological functioning. This review will first provide an insight into the possible mechanisms linking FV and psychological wellbeing, before examining current literature on the area within the general population. It will discuss key methodological issues among existing studies. While cognition is a pertinent factor in psychological health, it is not discussed within the current review.
How might fruit and vegetables and psychological well-being be linked? Possible causal mechanisms Although the mechanisms of action linking FV intake and psychological health remain to be clarified, a number of speculative concepts have been proposed. The majority of these are centred on the ability of certain nutrients contained within FV to influence psychological well-being. While a number of nutrients such as n-3 PUFA (15) , vitamin B 12 (10) and vitamin D (16) have been studied with regard to psychological well-being, this review only focuses on nutrients that are found in FV, and which have shown promise in this regard.
Complex carbohydrate content
Carbohydrates have been studied extensively in relation to psychological functioning, and in particular mood. The proposed link is that insulin, triggered through the consumption of carbohydrates, can increase entry of tryptophan in the brain, which in turn stimulates the synthesis of important neurotransmitters including serotonin (9) . Although evidence has indicated that the ingestion of simple carbohydrates, present in refined sugary products, may result in temporal improvements in mood (17) , it has been suggested that complex carbohydrates provide a longer lasting effect due to their slower release of glucose (18, 19) . Complex carbohydrates are particularly prevalent in low glycaemic index foods including certain types of FV (e.g. beans, peas and bananas), and thus this is a potential mechanism put forward for the hypothesised role of FV in psychological well-being.
B vitamin content
FV are rich sources of B vitamins, in particular folate (e.g. spinach, Brussels sprouts and oranges) and vitamin B 6 (e.g. peas and bananas) (20) . There are two key mechanisms proposed for their relationship with psychological functioning. The first relates to their effect on singlecarbon metabolism, which can impact upon the synthesis of important neurotransmitters including serotonin, other monoamine transmitters and catecholamines (21) . The second is in connection with their role in the conversion of homocysteine to methionine, which is a precursor of S-adenosylmethionine, and essential for methylation processes in the brain (22) . Deficiencies in these nutrients can therefore result in elevated homocysteine levels, and reduced synthesis of neurotransmitters, which may provoke psychological changes including depressed mood (23) . Some promising research exists to support the relationship between B vitamins and psychological health (24, 25) . A recent systematic review (25) that looked at eight randomised, placebo-controlled trials concluded that supplementation with B vitamins (particularly at high doses) may have beneficial effects in terms of reducing stress, mild psychiatric symptoms and anxiety in healthy populations. Nevertheless, the relationship remains ambiguous, with two additional systematic reviews (26, 27) highlighting conflicting findings and a lack of conclusive evidence between folate, folic acid and vitamin B 6 and depression within cross-sectional (CS) and experimental studies, respectively. However, discrepancies between systematic reviews may at least be partly explained by differences in the specific objectives and focus of each review (e.g. inclusion of certain study types or focus on particular psychological outcomes or diet v. supplements). Despite the equivocal findings to date, B vitamins present another promising link between FV and psychological well-being.
Antioxidant content
Vitamins C and E, as well as phytochemicals including polyphenols, which are present in FV, have
The potential role of fruit and vegetables in aspects of psychological well-beingalso received attention in relation to psychological health. A prevailing theory is that the antioxidant properties of these nutrients can act as a defence mechanism against oxidative stress, which can be detrimental to mental health (28) . Antioxidants in FV may also be beneficial towards lowering inflammatory markers, which have been implicated in the onset of poor mental health including depression (29) . Although the relationship between antioxidant nutrients and psychological health is currently ambivalent, with some studies refuting the hypothesis (30) (31) (32) , a number of studies have provided evidence to support the link. For example, one CS study (29) demonstrated associations between the dietary intake of antioxidants and depressed mood in older adults, whereas another showed that concentrations of plasma carotenoids were associated with optimism (33) . Furthermore, vitamin C has been shown in a systematic review (26) to be potentially beneficial towards depressive symptoms in non-clinically depressed individuals, although the authors acknowledge that this conclusion was based on limited evidence. Consistent with this, other single (34) and multi-vitamin/mineral trials (21) have shown inverse associations between vitamin C and psychological outcomes including mood, confusion and personal strain. Similarly, two CS studies (35, 36) found plasma levels, and dietary intake of vitamin E, to be associated with better mental health and reduced odds of depression in elderly populations. Evidence is also accumulating on the role of certain phytochemicals, including polyphenols, in influencing aspects of psychological health (37) . Studies to date have suggested that these phytochemicals might have mood altering effects, in animal (38) and in human populations (39, 40) . Taken together, given that FV are an abundant source of antioxidants, this evidence lends further reasoning to researching the capacity of FV to affect psychological health.
Mineral content
Certain minerals contained within FV have also been shown to have important functions in the brain (41) , and hence have been linked to improvements in psychological health, including iron (42) , calcium and magnesium (43) .
Brain-derived neurotrophic factor
In comparison with high saturated fat and refined sugar diets, FV-rich diets are thought to be conducive to increasing levels of brain-derived neurotrophic factor (44) , which is an important protein required for several brain functions including neural development and synoptic plasticity in neurons (37) . Lower levels are therefore thought to contribute towards poor psychological health including depression.
People's perceptions of fruit and vegetables
Finally, it is possible that a person's perception of how 'healthy' a food is can impact upon their subsequent psychological well-being. Some research has shown that the consumption of healthy food choices, which are perceived to be lower in calories can provoke positive emotions (45, 46) . Hence, as FV are generally deemed as healthy, their intake might lead to both the expectancy of psychological benefits and subsequent improvements in psychological well-being.
Fruit and vegetables and psychological well-being:
existing research evidence
An overview of existing evidence on FV and psychological health outcomes is discussed in the following sections.
Observational evidence: cross-sectional studies
Evidence to date on FV and psychological well-being is largely observational in nature, with most studies having employed a CS design. Table 1 shows examples of themost relevant observational studies (the larger studies that focused on FV specifically rather than FV-rich diets). The psychological outcome that has received the most attention with regard to FV consumption to date is depression. This is perhaps not surprising given the mood-altering evidence from the aforementioned individual nutrient studies. However, overall results to date are equivocal. A recent systematic review (27) , for example, found discordant results among CS studies that examined FV in relation to depression. Out of the four FV-based studies that were included in the review, one reported a significant inverse association (57) , two did not demonstrate any association (50, 61) , and the remaining article reported that depressive symptoms were related to vegetable intake but not fruit intake (62) . This inconsistency is also evident over a number of additional CS studies. For example, a recent repeated (five time points between 2000 and 2009) CS study (28) of Canadians produced a pooled estimate across all time points, which showed that greater FV consumption was significantly associated with a 27% reduced odds of depression. Encompassing 296 121 individuals, this study is currently the largest conducted to date on the area of FV and psychological well-being. Interestingly, when FV were examined separately, associations with depression were found to be similar. The authors therefore suggested that the beneficial effects of FV on mental health may be due to the adoption of dietary patterns characterised by FV intake, rather than the mechanisms provided by individual nutrients contained within different types of FV. However, the study did not control for other dietary components and hence it was not possible to examine if other foods contributed to the associations reported. Notably, the study also showed inverse associations between FV intake and other psychological outcomes at most time points, including psychological distress (PD), the presence of mood and anxiety disorders and self-perceived poor mental health status. Further epidemiological studies have also supported the hypothesis that FV consumption is associated with depressed mood (63, 64) . Likewise, studies have demonstrated that the adoption of optimal healthy lifestyle behaviours, adherence to nutritional guidelines and good diet quality (all involving eating adequate amounts of FV) is associated with a reduced risk of depression or depressive symptoms (56, 65, 66) . Moreover, certain dietary patterns characterised by high intakes of FV, have been associated with a decreased prevalence of depression (67, 68) . However, despite these positive findings, some studies have failed to produce evidence to support an association between either FV intake (69) or FV-rich dietary patterns (70) and depression. In fact, the majority of existing studies have reported heterogeneous results, either with regard to specific subsets of participants or types of FV. For example, some studies found FV was associated with depression in females but not in males (49, 58) , whereas one (47) reported the opposite. These findings could be explained in part by evidence that shows that females are more likely to be aware of healthy eating guidelines, and to report healthy eating behaviours, including consuming FV, than their male counterparts (71) . In addition, some studies found depression was associated with some varieties of FV but not with others (48, 62, 70, 72) . A possible reason for this is that different varieties of FV have different nutritional compositions and hence may not be linked with psychological outcomes to the same extent. Alternatively, as these are findings from CS studies, the possibility that an individual's mood may impact upon their subsequent choice of FV cannot be ruled out (73) . Studies have also investigated the association between FV intake and general mental health. For example, Eckert et al. (74) reported that among 2545 Australian adults, eating one serving or less of vegetables daily was a predictor of mental illness. Similarly, an inverse association has been found between a worse diet score (including low FV consumption) and increased mentally unhealthy days (75) , and a positive relationship has been shown between a higher Mediterranean diet score and mental health (76) . Interestingly, further studies have reported positive relationships between FV intake and general mental health, but similar to before, with inconsistent results for males and females (51, 77) . Additionally, a study by Adams and Colner (47) reported differing results not only between genders, but also according to subscales assessed under the term mental health. Among females, FV intake was associated with feeling hopeless and overwhelmed, but not with feeling exhausted, very sad, or depressed, or being diagnosed with depression. Hence, evidence to date on FV intake and general mental health is inconsistent.
Investigations have also been conducted on the relationship between FV and PD, stress, anxiety and general mood. Some have reported inverse associations between FV consumption and PD (28, 53) whereas others have illustrated heterogeneous results between genders (78) and race (54) . Kiviniemi et al. (54) found that higher levels of PD were associated with lower FV consumption in their overall sample (n 6587), and among White persons and Hispanics, but not in African Americans. The authors speculated that this was possibly because of racial variations in food selection when experiencing negative moods. Similarly, studies examining stress and anxiety have produced inconclusive findings, with some showing inverse associations (57) , some finding none (55, 56, 69) and others reporting heterogeneous findings based on gender (58) and time points of a repeated CS study (28) . Researchers have also looked at the potential association between FV and general mood. For example, a recent study (60) found that higher positive effect was associated with consuming 0·112 more servings of fruit and 0·147 more servings of vegetables among a sample of young adults. However, FV consumption was not significantly associated with negative affect. The researchers suggested that seven to eight servings of FV may be required to experience changes in positive effect. In line with this, another recent study (59) that used three large datasets comprising approximately 80 000 British individuals, found that FV intake was associated with seven areas of psychological well-being including life satisfaction, mental well-being, mental disorders, selfreported health, happiness, nervousness and feeling low. Similar to the previous study, the authors concluded that well-being peaks at approximately seven portions of FV per day. Such details on the portions of FV associated with psychological benefits are unique among existing research, and would be a useful addition to future studies.
To a much lesser extent, some CS studies have also shown that FV consumption is associated with more positive aspects of psychological well-being including happiness (79) , life satisfaction (80, 81) , optimism (82) and selfesteem (83) . However, as with all of the studies discussed within this section, it is not possible to determine the causal nature of these relationships because of their correlational study designs.
Observational evidence: longitudinal studies
Evidence in the form of longitudinal studies is limited in relation to FV and psychological well-being. With regard to depression, based on evidence from two longitudinal studies (20, 84) a recent systematic review (24) concluded that an FV-rich diet may be protective against depression. In line with this, a study of 12 404 participants showed that a traditional diet (characterised by fish and fruit consumption) and a healthy pattern (characterised by vegetable consumption) were both associated with lower odds of depression in females and males, respectively (85) . However, the results indicated that reverse causality may have existed in the case of the healthy pattern (i.e. more depressed males may have consumed less vegetables). Conversely, another study (86) of 1609 older Taiwanese adults, observed that after adjustment for cognitive status, only vegetables were protective against depressive symptoms 4 years later.
In addition to depression, some longitudinal studies have also investigated the role of FV in relation to general mental health. For example, one study (52) demonstrated that large improvements in diet (based on FV intake) over a 2-year period was associated with improved self-rated mental health. However, it is worth noting that this was only the case for those with the greatest improvement in their diet, and only applied to certain subscales ('peacefulness' and 'happiness') of mental health as measured by the SF-36 questionnaire. Similarly, another study showed that increased adherence to a Mediterranean type diet over 4 years was only significantly associated with increased vitality (and no other subscales of the SF-36) when compared with those who had decreased or maintained adherence. Healthy diets (87) /good quality diets (88) have also been associated with improvements in emotional functioning, mood and mental health among adolescents. However, this association was attenuated after adjustment for confounders in the latter study (88) . Interestingly, the authors suggest that the results of the former study (87) do not support the hypothesis of reverse causality, as mental health at baseline did not predict diet quality at follow-up. Furthermore, a longitudinal study (89) has shown that a high level of dispositional optimism was associated with greater FV intake. Finally, using lagged analyses, White et al. (60) also found that positive affect (measured using daily diaries over 21 d) was predicted by FV intake on the preceding day and not vice versa.
Experimental evidence
There is a paucity of experimental evidence investigating the effect of FV consumption on psychological wellbeing. Table 2 shows examples of the most relevant experimental studies (those which specifically examined the effect of FV intake on psychological outcomes). Of those studies that exist, the majority have (i) investigated the effect of FV on psychological well-being as a secondary outcome and (ii) investigated the effect of FV modification in conjunction with other dietary or lifestyle changes. Despite this, four dietary interventions have focused more specifically, or have carried out additional analysis, on FV and psychological health (92) (93) (94) (95) . The majority of these have reported heterogeneous findings (92, 93, 95) . For example, Plaisted et al. (92) found that although an FV-rich diet was associated with improved vitality in hypertensive participants over 11 weeks, there were no significant differences when compared with an FV-rich, low-fat dairy diet group or a control group. Furthermore, the FV-rich diet was not associated with any improvements in overall mental health. Another study (93) examined the effect of two multi-component lifestyle interventions v. an advice only intervention on the health-related quality of life of pre-hypertensive/ stage one hypertensive participants over 18 months. The results showed that adherence to blood pressure control guidelines (including increased FV intake) and adherence to the same guidelines, plus a dietary approaches to stop hypertension diet, resulted in improvements in vitality, but not general mental health when compared with the advice only group. Furthermore, increased FV intake after 6 months was associated with increased vitality. However, no similar effects were detected for any other dimension of mental health as measured by the SF-36 questionnaire. In addition, the results for FV were not observed at the final follow-up visit (18 months). Similarly, Torres et al. (95) showed that increased FV consumption during a mixed component dietary intervention (14 weeks) in postmenopausal women led to reduced confusion, but not any other elements of mood (using the Profile of Mood States questionnaire). Moreover, when the two intervention groups (lean meat and FV-rich diet v. reduced fat, wholegrain bread and cereals diet) within the study were compared, although both groups experienced improvements in mood, anger was the only variable found to be statistically different between them (reduced anger was found in the latter diet group).
Finally, another study (94) compared the effect of nutrition education v. behavioural counselling on FV intake and quality of life over the period of 1 year. Although FV intake and mental health scores increased in both groups, FV consumption was not found to be significantly associated with changes in mental health.
Intervention trials involving fruit juice consumption, for example cranberry juice (97) , concord grape juice (90) and blueberry juice (91) have also been published with regard to mood and depression, although no significant effects have been documented to date. One potential reason for this is the methodological limitations of existing studies including the lack of use of a validated outcome questionnaire (97) , small sample sizes and lack of randomisation (91) . Further experimental studies have looked at the effect of FV-rich dietary patterns on psychological outcomes. For example, two studies examined the effect of a Mediterranean diet on psychological health, with conflicting findings. One (98) found no significant effects of a Mediterranean diet in comparison with a low-fat diet, or control diet, in terms of general mental health, mood, depression or stress over 12 weeks in 155 raised cholesterol participants. The second (96) reported that there were significant differences between a Mediterranean and control diet in terms of their effect on vigour, alertness and contentedness in a random sample of twenty-five females over 11 d, but not with regard to any other subscales of the outcome measurements used (Profile of Mood States and Bond-Lader Visual Analogue Scales). Similar heterogeneous findings for the effect of a vegetarian dietary intervention on depression, anxiety, stress and general mood have been found based on discordant results per subscale of the psychological measurement tool used (99) . Other studies have been more varied in their approach, in that the interventions have targeted other lifestyle behaviours as well as FV intake, such as physical activity (100) (101) (102) (103) (104) . Findings are again inconsistent. Some studies showed significant effects of lifestyle interventions (100, 103) on psychological outcomes, although given their complexity it is difficult to determine whether FV contributed to the psychological changes. Other studies reported null findings (104) or heterogeneous results (101, 102) on subscales of the outcome measurement used. Although some experimental studies do support a positive effect of increased FV intake on psychological health, overall, the number of studies is limited and results are largely inconsistent. Possible reasons for this will be discussed in the following sections.
Possible explanations for inconsistent findings and methodological considerations
Design of studies on fruit and vegetables and psychological well-being
It is possible that various study design issues have contributed towards the conflicting results on the role of FV and psychological well-being to date. First, given that the majority of research is observational, it is possible that some studies have been subjected to residual confounding. Although most studies have adjusted for potential confounders, some have not reported any adjustments. Furthermore, there are also inconsistencies in the variables accounted for between studies with some studies not adjusting for factors that could justifiably mediate the relationship between FV intake and psychological well-being such as BMI, physical activity, education level, stressful life events or other dietary factors. An FV-rich diet could be indicative of a healthy lifestyle in general and thus other factors, if not controlled for, could contribute to positive relationships. Secondly, it is important to note that the observational nature of such studies means it is difficult to derive firm conclusions as causality cannot be assumed. For example, some of the significant associations detected in the observational studies mentioned throughout this review could in fact be as a result of individual's with better psychological health seeking more health-promoting behaviours including increased consumption of FV and vice versa (105) . In line with this, some studies (63, 106) have indicated that negative emotions such as stress are associated with an increased consumption of high-fat, energy dense foods and decreased intakes of FV. As such, it is vital that the results from observational studies in this area are considered within the context of the complex interrelationship that exists between food consumption and psychological health. For example, depressed mood is associated with numerous behavioural and physiological responses, such as changes in appetite, sleeping patterns, motivation/energy levels and body-image perceptions, all of which have the potential to influence food choice and consumption (50, 67, 77, 107) . Furthermore, depression has been linked with lower socioeconomic status, which in turn has been shown to be related to lower FV consumption (48) . Hence, it is not possible to preclude reverse, bidirectional or even multidirectional relationships from such studies and therefore well-designed randomised controlled trials are required to investigate these results further.
Furthermore, studies conducted to date have varied considerably with regard to study populations, and overall sample sizes. For example, observational study sizes have ranged from as few as eighteen (108) , to as many as 296 121 participants (28) , while experimental studies have had as few as twelve participants (90) and as many as 1566 (102) . Thus, it may be the case that some of the small samples were insufficiently powered to detect any association or effect between FV and psychological well-being, and this may serve to explain some of the inconsistency in findings to date. In addition, while a number of studies were conducted in the general population, some examined specific subgroups of the population including elderly people (70) and employees (56, 68) . As well as possibly contributing towards the conflicting findings discussed, these studies may be limited in terms of their generalisability to wider populations.
Finally, there are evident methodological flaws in some of the experimental studies, including issues such as inadequate control, randomisation and blinding. Owing to these design flaws, research on the area of FV and psychological health thus far should be interpreted with caution. To enhance understanding, future research should employ appropriate and powerful research designs.
Assessment of psychological well-being
Given the subjective nature of psychological well-being, its measurement is mostly reliant on self-reporting of experiences. Another potential reason for the conflicting findings on FV and psychological well-being to date is the substantial variation in tools used by studies to measure psychological outcomes. Table 3 provides an overview of the different types of self-report measures that have been selected to measure the primary psychological outcomes examined so far in relation to FV.
As illustrated, measurement has varied not only in terms of the tool used, but also with regard to details such as the number of questionnaire items and the language. As well as potentially influencing findings in studies, this makes study comparison difficult. Furthermore, the recall periods specified in psychological measurements within existing studies are diverse. For example, studies have asked respondents to recall experiences/symptoms over the past year (47, 74) , 3 months (109) , month (53) , week (20, 63) , day (60) or recently (78) , while some have not reported the recall period (48, 76, 77) . Recall period can influence an individual's interpretation of and response to a question, and hence can impact upon the reliability and validity of the measure (110) . For instance, people may have difficulty recalling and generalising symptoms or feelings over a long period of time, due to contrasting experiences and the tendency to prioritise their current psychological state (111) . Equally, it has also been suggested that shorter recall periods have the potential to over or underestimate as a result of shortterm fluctuations in psychological state (112) . Thus, it may be the case that current findings have been affected by the specifics of outcome tools selected.
Although the majority of existing studies have employed validated measures, some have used single/ multiple item non-validated self-report measures of psychological health (74, 97) , which could have impacted upon reported findings. It is possible that such methods may not be detailed or sensitive enough to assess psychological outcomes accurately or to detect change in outcomes. Notably, several questionnaires utilised to date have been designed primarily to screen the general population for the absence or presence of psychological disorders or to assess the severity of symptoms within clinical samples. This could be problematic in terms of detecting low levels of psychological symptoms, or indeed change or improvements in psychological wellbeing within normal populations. If experimental research is to explore FV consumption and psychological well-being further within the general population, then there is perhaps a need for the development and validation of tools, which are sensitive enough to detect change in psychological well-being among such individuals.
Furthermore, it is evident that existing studies have predominately examined the association or effect of FV on negative aspects of psychological health (e.g. depression and anxiety). It may be useful for future research to place equal emphasis on the presence of positive psychological well-being (e.g. vitality, happiness and life satisfaction), which could prove more effective at detecting lower levels of, or change in, psychological symptomology in general populations. Arguably, this approach would be closer aligned to the wider concept of health advocated by the WHO, which highlights the importance of complete mental well-being and not merely the absence of disease (113) . In addition, it is possible that other common factors related to the use of self-report measures may have attributed to the conflicting findings, such as social desirability bias. Research has suggested that participants are more likely to over report desirable behaviours when being asked to report on sensitive topics such as levels of PD (114) . For this reason, it may be useful for future research to take account of, discuss and control for the potential impact of social desirability bias on the validity of study results, for example through the use of a social desirability scale (114) . Furthermore, given the quantity of items within some psychological selfreport tools, it is possible that multiple comparisons could have led to type one errors, i.e. the identification of false-positive relationships. This could act as a further explanation for the discrepant findings between certain aspects of psychological well-being between the studies mentioned in this review.
In summary, future studies should use well-validated, widely used measures to assess specific aspects of psychological well-being in order to allow for easier comparison between studies in this field. 
Assessment of fruit and vegetable intake
Similarly, the methods used to measure FV intake are diverse among observational studies, which may have contributed towards the conflicting findings. The most frequently used method of measuring FV intake in studies to date has been the FFQ, although some have used diet histories (68, 72, 109) , 24-h recalls (108) and diet quality scores (which incorporated FV) (52) , as well as single items on FV consumption (47, 64, 78, 115) . Although FFQ can be a cost-effective means of collecting frequency of dietary intake data from large samples, they are often limited in terms of how much detail they can provide on the quantities of foods consumed (116) . As such, some studies that have looked at FV in relation to psychological health have used FFQ to collect information on frequency of FV consumption, but not on amounts consumed (48, 57, 58) . Others have asked participants to report their frequency of FV intake based on average or medium servings of FV (20, 51, 63, 76) . Inevitably, this may have contributed towards the heterogeneous findings. Moreover, a lack of detail on the portions of FV consumed at each time point makes it difficult to determine the actual amount of FV eaten, and hence less comprehensive conclusions can be made about associations between FV intake and psychological wellbeing. Future studies may benefit from more sensitive measures of FV intake, which can identify individuals who eat lesser and greater amounts. In addition, FFQ also rely on an individual's ability to accurately estimate and calculate their intake, which can be a challenging task, particularly for certain population groups including the elderly. Naturally, this may have impacted upon FV estimation in these studies (116) . Similar to the outcome measures, varying recall periods of FV consumption have been assessed. These ranged from FV intake within the past day (115) , to intake over the past year (20, 109) . The former option may increase the risk of random error and may not accurately reflect habitual intake of FV. Furthermore, in some cases, tools used to measure FV intake were not validated, or validation was not reported (48, 55, 58, 63, 70, 77) . Such variability may have impacted upon the results of these studies, and also makes between-study comparisons difficult. Caution is also necessary when interpreting the results from existing observational studies, as individuals may have over or under-reported their intake of FV based on factors such as social desirability biases (117) . Future observational research on FV and psychological health should endeavour to use validated, detailed measures of FV intake with increased data on the types and quantities of FV consumed. This could provide invaluable information with regard to the amount of FV which is associated with psychological outcomes, and could enhance understanding of the area.
Conclusions and future directions
Despite indication of a role for FV in promoting psychological well-being, evidence to date can be summarised as largely inconclusive. The conflicting results may be partly due to methodological limitations and study design variations as highlighted throughout this review. A number of key inconsistencies were identified including sample sizes, populations examined, choice of outcome and exposure assessment tools, factors chosen as potential confounders and design issues with regard to experimental studies. These factors should be taken into consideration to improve the credibility of future evidence. The review also highlighted a dearth of longitudinal studies on the topic of FV and psychological health, and thus large-scale prospective studies should be considered a priority. Similarly, well-designed randomised controlled trials that focus specifically on FV intake and psychological well-being are required to replicate findings from observational studies, and to assist in establishing the issue of cause and effect. This work has also emphasised the need for the adoption of a more uniform approach, particularly with regard to the measurement of psychological well-being and FV intake. In addition, given that biological mechanisms surrounding FV consumption and psychological well-being are currently speculative, more exploratory work is required to clarify these potential actions further. Finally, while the current review provides a useful synopsis of existing research on FV and psychological well-being, there is perhaps a need for a more exhaustive synthesis of studies in the form of a systematic review.
